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(57)  An  article  comprising  a  solid  substrate,  in  particular  an 
optical  fiber,  to  the  surface  of  which  are  attached  a  plurality  of 
polymer  molecules,  the  polymer  molecules  embodying  a 
multiplicity  of  chemically,  biochemically  or  biologically  active 
species. 

A  method  of  preparing  an  optical  fiber  which  is  useful  for 
sensing  a  chemical  or  physiological  parameter  of  a  body  fluid 
or  tissue  (a)  comprises  providing  an  optical  fiber  having  a 
distal  end,  and  (b)  treating  the  distal  end  of  the  fiber  to  attach 
to  it  a  polymer  embodying  a  multiplicity  of  molecular  species 
which  are  capable  of  sensing  the  desired  parameter. 
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T h i s   i n v e n t i o n   r e l a t e s   t o   t h e   u s e   of   o p t i c a l  

f i b e r s   f o r   c h e m i c a l   a n d   b i o c h e m i c a l   p u r p o s e s   s u c h   as  t h e  

m e a s u r e m e n t   o f   c h e m i s t r i e s   in  p h y s i o l o g i c a l   t i s s u e s   a n d  

f l u i d s .  

The   u s e   of   o p t i c a l   f i b e r s   f o r   s u c h   p u r p o s e s   i s  

k n o w n   a n d   i s   d e s c r i b e d ,   f o r   e x a m p l e ,   in   H i r s c h f e l d ,   U . S .  

P a t e n t   A p p l i c a t i o n   S e r i a l   No.  1 9 4 , 6 8 4   f i l e d   O c t o b e r   6 ,  

1 9 8 0 ,   e n t i t l e d   " R e m o t e   M u l t i - P o s i t i o n   I n f o r m a t i o n   G a t h e r i n g  

S y s t e m   a n d   M e t h o d . "   S u c h   t e c h n i q u e   i s   a l s o   d e s c r i b e d   i n  

a  p a p e r   e n t i t l e d   " N o v e l   O p t i c a l   F i b e r   T e c h n i q u e s   F o r  

M e d i c a l   A p p l i c a t i o n "   by  F . P .   M i l a n o v i c h ,   T . B .   H i r s c h f e l d ,  

F . T .   Wang ,   S . M .   K l a i n e r ,   and   D.  W a l t ,   p u b l i s h e d   i n  

P r o c e e d i n g s   o f   t h e   S P I E   2 8 t h   A n n u a l   I n t e r n a t i o n a l   T e c h n i c a l  

S y m p o s i u m   on  O p t i c s   and   E l e c t r o o p t i c s ,   V o l u m e   4 9 4 .  

B r i e f l y   s u m m a r i z i n g   t h i s   t e c h n i q u e ,   a  s e n s o r  

c o n s i s t i n g   t y p i c a l l y   of  b u t   n o t   l i m i t e d   t o   a  f l u o r e s c e n t  

d y e   i s   a t t a c h e d   t o   t h e   d i s t a l   e n d   of  an  o p t i c a l   f i b e r   o f  

s u i t a b l e   d i a m e t e r   f o r   in  v i v o   a p p l i c a t i o n .   L i g h t   f rom  a n  

a p p r o p r i a t e   s o u r c e   i s   u s e d   to   i l l u m i n a t e   t h e   d i s t a l   e n d  

o f   t h e   o p t i c a l   f i b e r ,   s u c h   l i g h t   h a v i n g   a  s u i t a b l e   w a v e  

l e n g t h ,   f o r   e x a m p l e   488  n a n o m e t e r s .   The   l i g h t   p r o p a g a t e s  

a l o n g   t h e   f i b e r   a n d   a  p o r t i o n   of   t h i s   l i g h t   is   r e f l e c t e d   a t  

t h e   d i s t a l   e n d   a t   t h e   f i b e r - l i q u i d   i n t e r f a c e   and  r e t u r n s  

a l o n g   t h e   f i b e r .   A  s e c o n d   p o r t i o n   o f   t h e   l i g h t   of  t h i s  

w a v e l e n g t h   i s   a b s o r b e d   by  t h e   f l u o r e s c e n t   dye   and  l i g h t  

i s   e m i t t e d   in   a  b a n d   c e n t e r e d   u s u a l l y   b u t   n o t   a l w a y s   a t   a  



l o n g e r   w a v e l e n g t h .   The   i n t e n s i t y   o f   t h i s   b a n d   i s   d e p e n d e n t  

u p o n   t h e   i n t e r a c t i o n   o f   t h e   d y e   and  t h e   m e a s u r e d   s u b s t a n c e  

i n   t h e   b o d y   f l u i d .   T h i s   f l u o r e s c e n t   l i g h t   i s   a l s o  

p r o p a g a t e d   a l o n g   t h e   r e t u r n   p a t h   of   t h e   f i b e r   a n d   b y  

s u i t a b l e   o p t i c a l   e q u i p m e n t   s u c h   as   t h a t   d e s c r i b e d   in  t h e  

p a t e n t   and  o t h e r   l i t e r a t u r e   and   in   t h e   H i r s c h f e l d  

a p p l i c a t i o n   and  t h e   p a p e r   a b o v e   i d e n t i f i e d ,   t h e   r a t i o   o f  

t h e   w a v e l e n g t h s   i s   d e t e r m i n e d   and   f r o m   t h i s   t h e   p a r a m e t e r  

o f   i n t e r e s t   i s   m e a s u r e d .  

F l u o r e s c e n t   m o l e c u l e s   h a v e   b e e n   a t t a c h e d   to   t h e  

d i s t a l   end  of   an  o p t i c a l   f i b e r   or   to   a  s e p a r a t e   p i e c e   o f  

g l a s s   s u c h   a s ,   f o r   e x a m p l e ,   a  g l a s s   b e a d   by  a  t e c h n i q u e  

w h i c h   i s   u s e d   in  t h e   i m m o b i l i z a t i o n   of   e n z y m e s .   S e e ,   f o r  

e x a m p l e ,   M e t h o d s   in   E n z y m o l o g y ,   v o l .   XLIV,   I m m o b i l i z e d  

E n z y m e s ,   e d i t e d   by  K l a u s   M o s b a c h ,   A c a d e m i c   P r e s s ,   1 9 7 6 ,  

p a g e s   1 3 4 - 1 4 8 .  

In  t h i s   p r o c e d u r e   a  g l a s s   s u r f a c e ,   f o r   e x a m p l e ,  

t h e   d i s t a l   end  o f   an  o p t i c a l   f i b e r   or   a  g l a s s   b e a d   w h i c h   i s  

s u b s e q u e n t l y   w e l d e d   to   t h e   f i b e r ,   i s   p r e f e r a b l y   t r e a t e d   s o  

t h a t   i t   i s   p o r o u s   and  i t   i s   r e a c t e d   w i t h   a  s u i t a b l e   l i n k i n g  

a g e n t   s u c h   as   3 - a m i n o p r o p y l   t r i e t h o x y   s i l a n e .   A  s e r i e s   o f  

r e a c t i o n s   i s   c a r r i e d   o u t   c u l m i n a t i n g   in  t h e   a t t a c h m e n t   b y  

c o v a l e n t   b o n d s   of   a  b i o l o g i c a l l y   a n d / o r   c h e m i c a l l y   a c t i v e  

m o l e c u l e ,   e . g . ,   a  f l u o r e s c e n t   s p e c i e s ,   to  t h e   s u r f a c e   o f  

t h e   g l a s s .   T h e s e   r e a c t i o n s   may  be  r e p r e s e n t e d   as   f o l l o w s :  



R e p r e s e n t i n g   t h e   s i l a n i s e d   g l a s s   ( r e f e r r e d   to   a l s o  

h e r e i n a f t e r   as   a m i n o a l k y l   g l a s s   or  f i b e r )   a s  

The  n e x t   a t e p   i s   r e a l i z e d   by  r e a c t i n g   f l u o r e s c e i n  

i s o t h i o c y a n a t e   d i s s o l v e d   in  an  a p r o t i c   s o l v e n t   w i t h   t h e  

a m i n o a l k y l   f i b e r  

and   p e r f o r m i n g   t h e   r e m a i n i n g   c o n v e n t i o n a l   w a s h i n g   a n d  

p u r i f i c a t i o n   s t e p s .  

A  d y e   i m m o b i l i z e d   on  g l a s s   in   t h i s   m a n n e r   is   pH 

s e n s i t i v e   in   t h e   p h y s i o l o g i c a l   r a n g e   and  is   r e l a t i v e l y  

s t a b l e .   H o w e v e r ,   to   a c h i e v e   a  s a t i s f a c t o r y   d e g r e e   o f  

r e s p o n s e   i t   i s   n e c e s s a r y   to   e m p l o y   p o r o u s   g l a s s ,   t h a t   i s   a  

s p e c i a l   a l k a l i   b o r o s i l i c a t e   g l a s s   w h i c h   h a s   b e e n   h e a t  

t r e a t e d   t o   s e p a r a t e   t h e   g l a s s   i n t o   two  p h a s e s .   The  p h a s e  

w h i c h   i s   r i c h   in  b o r i c   a c i d   and  a l k a l i   i s   l e a c h e d   o u t   u s i n g  

a c i d   to   l e a v e   a  p o r o u s   h i g h   s i l i c a   s t r u c t u r e .   The  p o r o u s  

g l a s s   i s   t h e n   s i l a n i z e d   and  i s   t r e a t e d   w i t h   t h e   d e s i r e d  

f l u o r e s c e n t   s p e c i e s .   The  r e s u l t i n g   t r e a t e d   g l a s s   m u s t   b e  

a t t a c h e d   to   t h e   d i s t a l   end  of   an  o p t i c a l   f i b e r .   The  e f f e c t  

o f   u s i n g   p o r o u s   g l a s s   i s   t h a t  a   g r e a t e r   s u r f a c e   a r e a   i s  

a v a i l a b l e   f o r   s i l a n i z i n g   and  many  m o r e   m o l e c u l e s   of  t h e  



f l u o r e s c e n t   s p e c i e s   c a n   t h e r e f o r e   be  a t t a c h e d .   T h a t   i s   t o  

s a y ,   t h e   s i g n a l   e m i s s i o n   of   f l u o r e s c e n t   l i g h t   i s   o f   g r e a t e r  

i n t e n s i t y   t h a n   i f   t h e   end   of   t h e   f i b e r   i t s e l f   w e r e  

s i l a n i z e d   and   t r e a t e d   w i t h   a  f l u o r e s c e n t   s p e c i e s .  

H o w e v e r ,   t h i s   t e c h n i q u e   i s   d i f f i c u l t   t o   c a r r y  

o u t .   The  m o s t   p r a c t i c a l   way  to   a c c o m p l i s h   t h e   i n t e n d e d  

r e s u l t   i s   t o   p r o v i d e   a  b e a d   of   p o r o u s   g l a s s ,   a i l a n i z e   i t ,  

r e a c t   i t   w i t h   t h e   f l u o r e s c e n t   s p e c i e s   and  t h e n   a t t a c h   t h e  

g l a s s   b e a d   to   t h e   d i s t a l   end  of   an  o p t i c a l   f i b e r .   T h i s  

a t t a c h m e n t   i s   d i f f i c u l t   to   e f f e c t   d u e   to   t h e   s m a l l   s i z e  

i n v o l v e d   and   t h e   e a s e   w i t h   w h i c h   t h e   p o r e s   in   t h e   p o r o u s  

g l a s s   a r e   o c c l u d e d .  

I t   i s   an  o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n   t o  

p r o v i d e   a  b e t t e r   way  o f   e n h a n c i n g   or   a m p l i f y i n g   t h e   s i g n a l  

f r o m   f l u o r e s c e n t   o r   o t h e r   c h e m i c a l l y / b i o l o g i c a l l y   a c t i v e  

s p e c i e s   a t t a c h e d   t o   g l a s s   and  to  g l a s s y / o p t i c a l l y  

t r a n s p a r e n t   o r g a n i c   s u b s t i t u t e s .  

-  I t   i s   a  p a r t i c u l a r   o b j e c t   o f   t h e   i n v e n t i o n   t o  

p r o v i d e   a  m e a n s   o f   a m p l i f y i n g   s u c h   s i g n a l s   w h i c h   a v o i d s   t h e  

n e e d   to   e m p l o y   p o r o u s   g l a s s .  

The  a b o v e   and  o t h e r   o b j e c t s   o f   t h e   i n v e n t i o n   w i l l  

be  a p p a r e n t   f r o m   t h e   e n s u i n g   d e s c r i p t i o n   and  t h e   a p p e n d e d  

c l a i m s .  

In  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n   g l a s s   ( o r  

a  g l a s s   s u b s t i t u t e )   w h i c h   i s   n o n - p o r o u s   i s   t r e a t e d   t o  

a t t a c h   s u i t a b l e   l i n k i n g   g r o u p s ,   e . g . ,   by  s i l a n i z i n g   t h e  

g l a s s ,   and  a  p o l y m e r   i s   a t t a c h e d   c o v a l e n t l y   to   t h e   l i n k i n g  

g r o u p s   a s ,   f o r   e x a m p l e ,   by  r e a c t i n g   t h e   l i n k i n g   g r o u p s   w i t h  

a  m o n o m e r i c   s p e c i e s   and   t h e n   a d d i n g   f u r t h e r   m o n o m e r   s p e c i e s  

and   f o r m i n g   a  p o l y m e r   in   s i t u   or  by  a t t a c h i n g   a  p r e f o r m e d  

p o l y m e r   t o   t h e   s i l a n i z e d   g l a s s .   The   m o n o m e r i c   s p e c i e s   o r  

t h e   p o l y m e r   may  h a v e   p e n d a n t   f l u o r e s c e n t   g r o u p s ,   o r   t h e  



m o n o m e r i c   r e a c t a n t   may  be  a  M i x t u r e   of  f l u o r e s c e n t  a n d  

n o n - f l u o r e s c e n t   s p e c i e s .   By  t h i s   m e a n s ,   p o l y m e r   m o l e c u l e s  

h a v i n g   a  m u l t i p l i c i t y   of   p e n d a n t   f l u o r e s c e n t   g r o u p s ,   a r e  

c o v a l e n t l y   a t t a c h e d   to   t h e   g l a s s .   The  m u l t i p l i c a t i o n   o f  

f l u o r e s c e n t   (or   o t h e r   c h e m i c a l l y   or   b i o l o g i c a l l y   a c t i v e )  

g r o u p s   g r e a t l y   a m p l i f i e s   t h e   d e s i r e d   s i g n a l .  

A l t e r n a t i v e l y   t h e   p o l y m e r   c o v a l e n t l y   a t t a c h e d   t o  

t h e   g l a s s   may  i t s e l f   be  n o n - f l u o r e s c e n t   b u t   may  s e r v e   t o  

e n t r a p   f l u o r e s c e n t   m o l e c u l e s .  

In  y e t   a n o t h e r   e m b o d i m e n t   t h e   g l a s s   i s   t r e a t e d   s o  

t h a t   b a s i c   g r o u p s   s u c h   as   a m i n o   g r o u p s   a r e   a t t a c h e d  

c o v a l e n t l y   to   t h e   g l a s s   and  a  p o l y m e r   h a v i n g   p e n d a n t  

f l u o r e s c e n t   g r o u p s   and  a l s o   a c i d i c   g r o u p s ,   e . g . ,   c a r b o x y  

g r o u p s ,   i s   r e a c t e d   w i t h   t h e   g l a s s   to  f o r m   s a l t s   in  w h i c h  

t h e   c a t i o n s   a r e   f o r m e d   by  t h e   b a s i c   g r o u p s   of   t h e   g l a s s   a n d  

t h e   a n i o n s   a r e   f o r m e d   by  t h e   a c i d i c   g r o u p s   o f   t h e   p o l y m e r ,  

e . g .  

w h e r e   A  r e p r e s e n t s   t h e   t r e a t e d   g l a s s ,   B  r e p r e s e n t s   t h e  

p o l y m e r   and  F  r e p r e s e n t s   f l u o r e s c e n t   g r o u p s .  

In  a n o t h e r   e m b o d i m e n t   a  f l u o r e s c e n t   p o l y m e r   i s  

h e l d   on  a  t r e a t e d   g l a s s   s u r f a c e   by  a d s o r p t i o n .  

In  g e n e r a l ,   t h e r e f o r e ,   t h e   p r o d u c t   o f   t h e  

i n v e n t i o n   i s   an  o p t i c a l   f i b e r   h a v i n g   a t t a c h e d   to  i t s   d i s t a l  

e n d   one   or   m o r e   ( u s u a l l y   m o r e )   p o l y m e r   m o l e c u l e s   w h i c h  

s e r v e   to   a t t a c h   c h e m i c a l l y   or  b i o l o g i c a l l y  a c t i v e   e n t i t i e s  

t o   t h e  f i b e r .   By  t h i s   m e a n s   t h e   d e s i r e d   e f f e c t ,   e . g .  



f l u o r e s c e n c e ,   i s   g r e a t l y   a m p l i f i e d   and  t h e   n e e d   t o   e m p l o y  

p o r o u s   g l a s s   i s   a v o i d e d .  

The  f o l l o w i n g   s p e c i f i c   e x a m p l e s   w i l l   s e r v e   f u r t h e r  

t o   i l l u s t r a t e   t h e   i n v e n t i o n .  

E x a m p l e   1:  P r e p a r a t i o n   o f   A c i d   G l a s s  

I n  1   and   g e n e r a l l y   h e r e i n a f t e r ,   t h e   g r o u p   - - N H - -   i s   d e r i v e d  

f r o m   t h e   p r i m a r y   a m i n o   g r o u p   o f   t h e   a m i n o a l k y l   g l a s s .  

T h e  a c i d   g l a a a  1   was   p r e p a r e d   as   f o l l o w s :  

S u c c i n i c   a n h y d r i d e   ( 3 . 0 g )   was  d i s s o l v e d   i n   a n h y d r o u s  

t e t r a h y d r o f u r a n   ( T N F ) ( 1 0 0 m l ) ,   S i l a n i z e d   g l a s s ,   i . e .  

a m i n o a l k y l   g l a s s ,   ( l g )   was   a d d e d   and   t h e   s o l u t i o n   w a s  

r e f l u x e d   f o r   f o u r   h o u r s .   The  g l a s s   was  t h e n   w a s h e d   w i t h  

3 0 m l   o f   a c e t o n e   a n d   d r i e d   in   v a c u o   a t   2 5 ° C   f o r   t h i r t y  

m i n u t e s .  



E x a m p l e   2  -   P r e p a r a t i o n   o f   A c i d   C h l o r i d e   G l a s s  

The  a c i d   g l a s s   o f   E x a m p l e   1  was  t r e a t e d   w i t h  

SOC12  as   f o l l o w s :  λ   10%  s o l u t i o n   o f   t h i o n y l   c h l o r i d e   i n  

d r y   c h l o r o f o r m   was  p r e p a r e d .   0 . 5 g   of   a c i d   g l a s s   was  a d d e d  

to   20ml  of   t h e   t h i o n y l   c h l o r i d e   s o l u t i o n   and  was   r e f l u x e d  

f o r   f o u r   h o u r s .   The  g l a s s   was  t h e n   r i n s e d   w i t h   c h l o r o f o r m  

and  d r i e d   u n d e r   v a c u u m   f o r   t h i r t y   m i n u t e s .  

E x a m p l e   3  -   P r e p a r a t i o n   o f   M - H y d r o x y   S u c c i n i c   (NHS)  G l a s s  

The  a c i d   c h l o r i d e   g l a s s   o f   E x a m p l e   2  was   r e a c t e d  

w i t h   N - h y d r o x y - s u c c i n i m i d e   as   f o l l o w s :  



The   r e a c t i o n   was   c a r r i e d   o u t   as   f o l l o w s :   3 . 8 g   o f  

N - h y d r o x y s u c c i n i m i d e   a n d   4 . 4 5   ml  o f   t r i e t h y l a m i n e   w e r e  

a d d e d   to   50  ml  o f   a n h y d r o u s   s t i r r e d   c h l o r o f o r m .   T h i s  

s o l u t i o n   was   t h e n   c o o l e d   to  0°C  and  w i t h   a d d i t i o n a l  

c o o l i n g   s o   as   to   m a i n t a i n   a  c o n s t a n t   t e m p e r a t u r e   o f   0 ° C .  

A c i d   c h l o r i d e   g l a s s   was   a d d e d   and   t h e   s u s p e n s i o n   w a s  

s t i r r e d   f o r   an  a d d i t i o n a l   f o r t y   m i n u t e s .   The  g l a s s   w a s  

f i l t e r e d ,   t h e   b e a d s   w a s h e d   w i t h   c h l o r o f o r m   and   d r i e d   i n  

v a c u o   a t   2 5 ° C   f o r   t h i r t y   m i n u t e s .  

The   p u r p o s e   o f   t r e a t i n g   t h e   a c i d   c h l o r i d e   g l a s s  

w i t h   N - h y d r o x y   s u c c i n i m i d e   was  to   p r o t e c t   t h e   t r e a t e d   g l a s s  

f r o m   h y d r o l y s i s   in   s u b s e q u e n t   t r e a t m e n t .  

E x a m p l e   4  -   T r e a t m e n t   o f   NHS  G l a s s   w i t h  

T r i e t h y l e n e t e t r a m i n e   ( T E T )  

The   NHS  g l a s s   f r o m   E x a m p l e   3  i s   a d d e d   w i t h  

s t i r r i n g   t o   a  m i x t u r e   o f   50  ml  o f   a n h y d r o u s   c h l o r o f o r m   a n d  

8  ml   o f   t r i e t h y l e n e t e t r a m i n e .   The  g l a s s   m i x t u r e   i s   s t i r r e d  

f o r   o n e   h o u r ,   t h e   b e a d s   a r e   t h e n   f i l t e r e d ,   w a s h e d   w i t h  

c h l o r o f o r m   and   d r i e d   in   v a c u o   a t   2 5 ° C   f o r   t h i r t y  

m i n u t e s .   The   r e a c t i o n   may  be  r e p r e s e n t e d   as  f o l l o w s :  

The   t r e a t e d   g l a s s   4  h a s   n u m e r o u s   n i t r o g e n  

f u n c t i o n a l i t i e s   t o   w h i c h   f l u o r e s c e n t   g r o u p s   may  b e  

a t t a c h e d .  



E x a m p l e   5  -   C l u t a r a l d e h y d e   ( g l u t - a l d )   C l a s s  

T h i s   was  p r e p a r e d   as   f o l l o w s :  A   s o l u t i o n   o f   25% 

g l u t a r a l d e h y d e   was  d i l u t e d   to   2 .5%  in  o . l M   Na3PO4  o f  

pH7  to   make   50  m l .   The  a m i n o a l k y l   g l a s s   was  i m m e r s e d   f o r  

o n e   h o u r   and  t h e n   r i n s e d   w i t h   d e i o n i z e d   w a t e r .  

E x a m p l e  6  -   G l u t a r y l c h l o r i d e   ( g l u t - C l )   G l a s s  

2 . 5   ml  of   g l u t a r y l   d i c h l o r i d e   was  d i l u t e d   to   10  ml  i n  

a n h y d r o u s   THF.  A m i n o a l k y l   g l a s s   ( 4 0 0 m g )   was  i m m e r s e d   f o r  

o n e   h o u r   in  t h i s   s o l u t i o n   and  was  t h e n   r i n s e d   w i t h   d r y  

a c e t o n e .  



E x a m p l e   7  -   A t t a c h m e n t   o f   a  F l u o r e s c e n t   P o l y m e r  

t o   A m t n o s l k y l   G l a s s  

(a)   P r e p a r a t i o n   o f   N - - s u b s t i t u t e d   a c r y l a m i d e  

d e r i v a t i v e   o f   f l u o r e s c e i n  

200  mg  of   f l u o r e s c e i n   a m i n e  

w e r e   d i s s o l v e d   in   a  m i x t u r e   o f   1 . 0   ml  a n h y d r o u s   d i m e t h y l  

f o r m a m i d e   and   25  ml  a n h y d r o u s   c h l o r o f o r m   f o l l o w e d   by  a d d i n g  

0 . 5 6   ml  o f   a c r y o y l   c h l o r i d e   w i t h   s t i r r i n g .   The  r e a c t i o n  

m i x t u r e   was   s t i r r e d   and  c o o l e d   t h r o u g h o u t   t h e   c o u r s e   o f   t h e  

r e a c t i o n   to   m a i n t a i n   a  t e m p e r a t u r e   o f   2 5 ° C .   A f t e r   s i x t y  

m i n u t e s   t h e   pH  o f   t h e   r e a c t i o n   m i x t u r e   was  a b o u t   3.  T h e  

s o l v e n t   was   s t r i p p e d   o f f   in  v a c u o   l e a v i n g   an  a m b e r   o i l .  

The  p r o d u c t   h a d   t h e   f o r m u l a   8  



C o m p o u n d   8  i s   a  new  and   u s e f u l   c o m p o u n d .  

(b)  C o p o l y m e r i z a t i o n   o f   A c r y l a m i d e   a n d  

8  w i t h   A m i n o a l k y l   G l a s s  

400  ml  o f  8   w e r e   d i s s o l v e d   in   30  m l  

t e t r a h y d r o f u r a n   t o g e t h e r   w i t h   1  g r a m   a c r y l a m i d e   and   10  mg 
of  2 , 2 ' -   a z o b i s i s o b u t y r o   n i t r i l e   (AIBN)  as   c a t a l y s t .  

A m i n o a l k y l   g l a s s   in   t h e   fo rm  of   a  f i b e r   t i p   was  a c t i v a t e d  

in  1  ml  a c r y l o y l   c h l o r i d e   f o r   one  h o u r   and   t h e n   i m m e r s e d   i n  

t h e   s o l u t i o n   and  h e a t e d  a t  5 0 ° C   f o r   20  h o u r s .   A  c o p o l y m e r  

o f  8   and  a c r y l a m i d e   l i n k e d   to  t h e   a m i n o a l k y l   g l a s s   r e s u i t e d  

w h i c h   i s   b e l i e v e d   to   h a v e   t h e   s t r u c t u r e   9 :  

In  9  x   and  y  i n d i c a t e   t h e   n u m b e r s   o f   t h e  

r e s p e c t i v e   mer   u n i t s :  

a n d  



T h e   mer   u n i t s   in   a l l   l i k e l i h o o d   o c c u r   in   some  more   o r  

l e s s   r a n d o m   o r d e r .   The   p e n d a n t   g r o u p   F  i s   d e r i v e d   f r o m  

8;  i . e .   i t   i s   t h e   g r o u p   8 a  

( c )   T e s t i n g   o f   F i b e r   T i p  

The  f i b e r   t i p   9  was   t e s t e d   by  i m m e r s i n g   i t   i n  

a  b u f f e r   s o l u t i o n   a t   pH  6 . 8   a n d   t h e n   a t   7 . 8 .   The  r a t i o  

o f   t h e   i n t e n s i t y   o f   l i g h t   r e s u l t i n g   f r o m   f l u o r e s c e n c e  

a n d   r e f l e c t e d   l i g h t   a t   pH  6 . 8   was   0 . 8 1   and   a t   pH  7 . 8   i t  

w a s   1 . 1 .  

(d)   C o m p a r i s o n   w i t h   a  P o r o u s   G l a s s   B e a d  
to   w h i c h   FITC  i s   D i r e c t l y   A t t a c h e d  

A  p o r o u s   g l a s s   b e a d ,   O D  =   1 7 7 µ ,   a v e r a g e   p o r e  
s i z e  =   500  a n g s t r o m   u n i t s   was  g l u e d   t o   t h e   e n d   of   a n  

o p t i c a l   f i b e r .   I t   was   t h e n   t r e a t e d   w i t h   a m i n o p r o p y l  

t r i e t h o r y   s i l a n e   t o   a c t i v a t e   t h e   p o r o u s   g l a s s .   Due  t o  

t h e   p o r o u s   n a t u r e   o f   t h e   g l a s s ,   m a n y   a m i n o a l k y l   g r o u p s  

w e r e   p r e s u m a b l y   a t t a c h e d .   T h i s   w a s   d o n e   by  t r e a t i n g   t h e  

p o r o u s   g l a s s   w i t h   a  10%  a q u e o u s   s o l u t i o n   o f   a m i n o p r o p y l  

t r i e t h o x y   s i l a n e   a t   pH  3 . 4 5   f o r   60  m i n u t e s .   The   f i b e r  

w a s   t h e n   r i n s e d   in   d i s t i l l e d   w a t e r   a n d   a i r   d r i e d   a t   9 0 ° C .  



F l u o r e s c e i n   i s o t h i o c y a n a t e   was   d i s s o l v e d   i n '  

a c e t o n e   and   t h e   t i p   o f   t h e   f i b e r   d e s c r i b e d   a b o v e   w a s  

i m m e r s e d   in   t h e   s o l u t i o n   f o r   60  m i n u t e s   a t   r o o m  

t e m p e r a t u r e .   The   f i b e r   was  r i n s e d   w i t h   a c e t o n e .   T h i s  

f i b e r   was  t e s t e d   as   in   E x a m p l e   7 ( c )   a b o v e .   The   r a t i o  

o f   i n t e n s i t y   of   l i g h t   r e s u l t i n g   f r o m   a b s o r p t i o n   t o  

r e f l e c t e d   l i g h t   a t   pH  6 . 8   was  0 . 5 4   and   a t   pH  7 . 8   i t  

was   1 . 2 9 .  

In  E x a m p l e   7 ( c )   t h e   g l a s s   t o  w h i c h   t h e  

f l u o r e s c e n t   s p e c i e s   was   a t t a c h e d   was  n o n - p o r o u s .   I t  

was   t r e a t e d   to   a p p e n d   a m i n o a l k y l   g r o u p s   b u t   e l i m i n a t e d  

t h e   t e d i o u s   s t e p   o f   a t t a c h i n g   a  p o r o u s   b e a d .  

E x a m p l e   8  -   G l a s s   F i b e r   T r e a t e d   w i t h   F I T C  

By  way  o f   f u r t h e r   c o m p a r i s o n ,   a m i n o a l k y l   g l a s s  

f i b e r   as  in   E x a m p l e   7 ( b )   was  t r e a t e d   as   f o l l o w s :   T h e  

f i b e r   was  s o a k e d   i n   a  s o l u t i o n   c o n t a i n i n g   5  mg  o f  

f l u o r e s c e i n   i s o t h i o c y a n a t e   ( F I T C )   in   100  ml  o f   a c e t o n e  

f o r   one   h o u r   and   t h e n   in   d e i o n i z e d   w a t e r   f o r   one   h o u r .  

No  o b s e r v a b l e   f l u o r e s c e n t   pH  e f f e c t   c o u l d   be  m e a s u r e d  

u s i n g   t h e   p r o c e d u r e   o f  E x a m p l e   7 ( c ) .  

E x a m p l e   9  -  G l a s s  F i b e r   T r e a t e d   w i t h   H i g h   M o l e c u l a r  
W e i g h t   P o l y l y s i n e   a n d   F I T C  

A  g l u t a r a l d e h y d e   t r e a t e d   a m i n o p r o p y l   g l a s s   f i b e r  

( p r e p a r e d   as   in  E x a m p l e   5)  was   p l a c e d   in   a  s o l u t i o n   of   4  mg 
of   5 4 0 , 0 0 0   a v e r a g e   m o l e c u l a r   w e i g h t   p o l y l y s i n e   in  4  ml  o f  



d e i o n i e d   w a t e r   and   a l l o w e d  t o   s o a k   f o r   one  h o u r   a t  

2 3 ° C .   The   f i b e r   was  t h e n   a l l o w e d   to   s t a n d   in   a  d e i o n i z e d  

w a t e r   w a s h   f o r   o n e   h o u r   and  t h e n   t r e a t e d   w i t h  a   s o l u t i o n   o f  

5  mg  F I T C / 1 0 0   ml  a c e t o n e   f o r   o n e   h o u r .   The  f i b e r   was   t h e n  

r e w a s h e d   in   d e i o n i z e d   w a t e r   f o r   o n e   h o u r   and  i t s   p H  

d e p e n d e n t   f l u o r e s c e n c e   m e a s u r e d .   A  pH  6 . 8 ,   t h e   r a t i o   o f  

f l u o r e s c e n c e   to   r e f l e c t e d   l i g h t ,   was   0 . 1 1   and   a t   pH  7 . 4   i t  

was   0 . 2 1 .  

E x a m p l e   1 0  -   G l a s s   F i b e r   T r e a t e d   w i t h   Low  M o l e c u l a r  
W e i g h t   P o l y l y s i n e   a n d   F I T C  

A  g l u t a r a l d e h y d e   t r e a t e d   a m i n o p r o p y l   g l a s s   f i b e r  

( p r e p a r e d   as   in  E x a m p l e   5)  was   p l a c e d   in  a  s o l u t i o n   o f  4   mg 
o f   4 , 0 0 0   a v e r a g e   m o l e c u l a r   w e i g h t   p o l y l y s i n e   in   d e i o n i z e d  

w a t e r   a n d   a l l o w e d   t o   s o a k   f o r   o n e   h o u r   a t   2 3 0 C .   T h e  

f i b e r   was  t h e n   p l a c e d   in   a  d e i o n i z e d   w a t e r   w a s h   f o r   o n e  

h o u r   and   i m m e d i a t e l y   t r e a t e d   w i t h   a  s o l u t i o n   o f   5  mg 

F I T C / 1 0 0   ml  a c e t o n e   f o r   one   h o u r .   The   f i b e r   was   t h e n  

r e w a s h e d   in   d e i o n i z e d   w a t e r   f o r   o n e   h o u r   and  i t s   pH  

d e p e n d e n t   f l u o r e s c e n c e   m e a s u r e d .   The   r a t i o   o f   f l u o r e s c e n t  

t o   r e f l e c t e d   l i g h t   a t   pH  6 . 8   was   0 . 3 5   and  a t   pH  7 . 4   i t   w a s  

0 . 5 2 .  

F r o m   t h e   r e s u l t s   o f   E x a m p l e s   9  and  10  i t   i s  

c o n c l u d e d   t h a t   p o l y l y s i n e   i s   a t t a c h e d   c o v a l e n t l y   to   t h e  

a m i n o p r o p y l   g l a s s   and   t h a t   F ITC  i s   a t t a c h e d   c o v a l e n t l y   a s  

p e n d a n t   g r o u p s   to   t h e   p o l y l y s i n e   c h a i n s .  

E x a m p l e   1 1  -   E n t r a p m e n t   o f   a  F l u o r e s c e n t   S p e c i e s  
i n   a  P o l y m e r   C o v a l e n t l y   A t t a c h e d   t o   G l a s s  

An  a m i n o p r o p y l   g l a s s   f i b e r   i s   t r e a t e d   w i t h  

a c r y l o y l   c h l o r i d e ,   by  i m m e r s i o n   in   1 . 0   ml  of   n e a t   a c r y l o y l  

c h l o r i d e   f o r   60  m i n u t e s   and   i s   t h e n   r i n s e d   by  s o a k i n g   i n  

d r y   a c e t o n e .   2 . 0   g  o f   a c r y l a m i d e   and   0 . 0 1   g  o f   f l u o r e s c e i n  

a r e   d i s s o l v e d   in   50  ml  THF  a n d   a  c a t a l y t i c   a m o u n t   o f   A I B N  

i n   a d d e d .   The   t r e a t e d   f i b e r   d e s c r i b e d   a b o v e   i s   i m m e r s e d   i n  



t h e  s o l u t i o n   t h r o u g h   a  s e p t u m .   The  r e a c t i o n   f l a s k   i s  

f l u s h e d   w i t h   N2  and  p l a c e d   in  a  w a t e r   b a t h   a t   50°C  f o r  

t h r e e   to   f o u r   h o u r s ,   u n t i l   a  p o l y m e r   i s   f o r m e d .   The  f i b e r s  

a r e   r i n s e d   in   a c e t o n e   and  w a t e r .   A  p o l y m e r   i s   f o r m e d   as  i n  

E x a m p l e   7  b u t   w i t h o u t   f l u o r e s c e n t   m o i e t i e s .   T h e  

f l u o r e s c e i n   i s   p h y s i c a l l y   e n t r a p p e d   in   t h e   n o n - f l u o r e s c e n t  

p o l y m e r .  

I f   i n s t e a d   of  a c r y l a m i d e   a  m o n o m e r i c   s p e c i e s   I s  

u s e d   w h i c h   i s   c a p a b l e   o f   c r o s s   l i n k i n g ,   e . g . ,   m e t h y l e n e  

b i s a c r y l a m i d e ,  

a  c r o s s   l i n k e d   p o l y m e r   w i l l   be  f o r m e d   on  t h e   g l a s s   w h i c h   i s  

m o r e   e f f e c t i v e   in   e n t r a p p i n g   t h e   f l u o r e s c e n t   m o l e c u l e s .  

E x a m p l e   1 2  -   E l e c t r o s t a t i c a l l y   B o u n d   F l u o r e s c e n t   P o l y m e r  

A  f l u o r e s c e n t   p o l y m e r   i s   p r e p a r e d   h a v i n g   p e n d a n t  

f l u o r e s c e n t   g r o u p s   and  p e n d a n t   c a r b o x y   g r o u p s   and  i t   i s  

a p p l i e d   to   a c t i v a t e d   g l a s s   h a v i n g   b a s i c   g r o u p s ,   r e s u l t i n g  

in  t h e   f o l l o w i n g :  

w h e r e  C   r e p r e s e n t s   one   of   a  m u l t i p l i c i t y   o f   a c t i v a t e d  

g r o u p s   on  g l a a s ,  D   r e p r e s e n t s   a  r e p e a t i n g   u n i t   in  t h e  

p o l y m e r   d e s c r i b e d   a b o v e   ( w h e r e i n   F  r e p r e s e n t s   a  p e n d a n t  
f l u o r e s c e n t   g r o u p )   a n d  E   r e p r e s e n t s   t h e   r e s u l t i n g   s a l t .  



T h i s   may  be  a c c o m p l i s h e d   by  r e a c t i n g   a m i n o p r o p y l   g l a s s   C 

w i t h   a  f l u o r e s c e n t l y   l a b e l e d   p o l y m e r   D.  The  r e s u l t i n g  

i o n i c   s a l t   b r i d g e s   a r e   t h e n   s t a b i l i z e d   by  d r y i n g   t h e  

p r o d u c t   i n   v a c u o .  

E x a m p l e   1 3  -   A d s o r p t i o n   o f  a   f l u o r e s c e n t  

P o l y m e r   on  an  A m i n o a l k y l   G l a s s   S u r f a c e  

A  p o l y m e r   h a v i n g   p e n d a n t   f l u o r e s c e n t   g r o u p s   i s  

p r e p a r e d ,  e . g . ,   a  c o p o l y m e r   of   a c r y l a m i d e   and   t h e   a c r y o l y l  

d e r i v a t i v e   8  of   f l u o r e s c e i n   p r e p a r e d ,  a s   d e s c r i b e d   i n  

E x a m p l e   7 ( b )   b u t   in  t h e   a b s e n c e   o f   a m i n o p r o p y l   g l a s s .  

An  a m i n o p r o p y l   g l a s s   f i b e r   t i p   i s   i m m e r s e d   in   a  

0 . 0 1   m o l a r   a q u e o u s   s o l u t i o n   o f   t h i s   c o p o l y m e r   f o r   t w o  

d a y s .   The   f i b e r   i s   t h e n   r i n s e d   w i t h   c h l o r o f o r m   f o r   t h r e e  

d a y s   to  r e m o v e   t h e   n o n - a d s o r b e d   p o l y m e r   and   i s   d r i e d   i n  

v a c u o   a t   25°C  f o r   one   h o u r .  

E x a m p l e   1 4  -   I m m u n o a s s a y   E m b o d i m e n t  

In  t h e   e n z y m e   l i n k e d   i m m u n o a s s a y   ( E L I S A )   t e c h n i q u e  

an   e n z y m e   i s   i m m o b i l i z e d   on  t h e   s u r f a c e   o f   a  t e s t   t u b e   o r  

c u v e t t e .   S e e ,   f o r   e x a m p l e ,   B i o c h e m i c a l   A p p l i c a t i o n s   o f  

I m m o b i l i z e d   E n z y m e s   and   P r o t e i n s ,   V o l .   2,  T.  M.  S.  C h a n g ,  

P l e n u m   P r e s s ,   1 9 7 7 ,   C h a p t e r s   3 0 - 3 3 .   T h i s   t e c h n i q u e   i s  

i m p r o v e d   by  t h e   a m p l i f i c a t i o n   t e c h n i q u e   o f   t h e   p r e s e n t  

i n v e n t i o n ,   e . g . ,   as  f o l l o w s :  

An  a c e t a m i n o p h e n - s p e c i f i c   a n t i b o d y   i s   t r e a t e d   w i t h  

a  o n e - h u n d r e d   f o l d   m o l e c u l a r   e x c e s s   o f   a c r y l o y l   c h l o r i d e ,  

a n d   t a k e n   i n t o   s o l u t i o n   w i t h   d e i o n i z e d   w a t e r   t o   w h i c h   a  t w o  

f o l d   q u a n t i t y   o f   a c r y l a m i d e   h a s   b e e n   a d d e d   t o g e t h e r   w i t h   a  

s u i t a b l e   a m o u n t   of   AIBN.   An  a m i n o p r o p y l   g l a s s   o p t i c a l  

f i b e r   i s   t r e a t e d   w i t h   an   e x c e s s   o f   a c r y l o y l   c h l o r i d e ,  

w a s h e d ,   a d d e d   t o   t h e   a c r y l a t e d   a n t i b o d y / A I B N   s o l u t i o n   a n d  

w a r m e d   a t  a   s u f f i c i e n t   t e m p e r a t u r e   to   p r o m o t e   g r a f t  



p o l y m e r i z a t i o n   o f   t h e   a n t i b o d y   d e r i v a t i v e   to   t h e   s i l i c a  

s u r f a c e   w i t h o u t   d e n a t u r i n g   t h e   p r o t e i n .  

N e x t   an  a c e t a m i n o p h e n - a l k a l i n e   p h o s p h a t a s e  

c o n j u g a t e   i s   i n c u b a t e d   w i t h   t h e   i m m o b i l i z e d   a n t i b o d y ,  

f i l t e r e d ,   w a s h e d   and  t h e   u n k n o w n   q u a n t i t y   o f  

a c e t a m i n o p h e n - a n a l y t e   a d d e d .   The  r e s i d u a l   b o u n d   e n z y m e  

a c t i v i t y   i s   t h e n   m e a s u r e d   and   t h e   q u a n t i t y   of   a c e t a m i n o p h e n  

c a l c u l a t e d .  

G l a s s   h a s   b e e n   d e s c r i b e d   a b o v e   as   t h e   m a t e r i a l   o f  

w h i c h   t h e   o p t i c a l   f i b e r s   a r e   c o n s t r u c t e d .   Any  s o l i d  

s u b s t a n c e   w h i c h   i s   an  o p t i c a l   c o n d u c t o r   and  to  w h i c h  

p o l y m e r s   c a n   be  a t t a c h e d   d i r e c t l y   or  by  m e a n s   of   l i n k i n g  

g r o u p s   may  be  u s e d   i n s t e a d   o f   g l a s s .   E x a m p l e s   a r e   p l a s t i c s  

s u c h   as   p o l y m e t h y l m e t h a c r y l a t e   and   p o l y s t y r e n e .  

S u i t a b l e   l i n k i n g   g r o u p s   f o r   g l a s s   and  o t h e r   f i b e r s  

may  be  p r e p a r e d   f rom  t h e   f o l l o w i n g :   d i a m i n o a l k a n e s ,  

d i a m i n o a r y l   c o m p o u n d s ,   d i i s o t h i o c y a n a t e s u b s t i t u t e d   a r y l  

c o m p o u n d s ,   a l k y l d i a l d e h y d e s ,   a r y l a l k y l   d i a l d e h y d e s ,  

a r y l a l k y l e d i a m i n e s ,   a l k y l   d i c a r b o x y l i c   a c i d   c e r i v a t i v e s ,  

a r y l a l k y l   d e c a r b o x y l i c   a c i d   d e r i v a t i v e s ,   a r y l   d i c a r b o x y l i c  

a c i d   d e r i v a t e s ,   a l k y l d i o l s ,   a r y l   d i o l s ,   a r y l a l k y l   d i o l s ,   o r  

a n y   a p p r o p r i a t e   o r g a n i c   c o m p o u n d   c a p a b l e   of  f o r m i n g  

e x t r a m o l e c u l a r   b o n d s   w i t h   a t   l e a s t   two  p e n d a n t   c h e m i c a l  

g r o u p s .  

In  t h e   e x a m p l e s   a b o v e   f l u o r e s c e n t   s p e c i e s   s u c h   a s  

c o m p o u n d  8   and  FITC  a r e   u s e d   and  t h e   r a t i o   of   f l u o r e s c e n t  

l i g h t   to   r e f l e c t e d   l i g h t   i s   m e a s u r e d .   As  n o t e d   a c t i v e  

s p e c i e s   o t h e r   t h a n   f l u o r e s c e n t   s p e c i e s   may  be  u s e d .   F o r  

e x a m p l e   p h e n o l   r e d ,   c r e s o l   r e d   and   n e u t r a l   red   may  b e  

u s e d .   T h e s e   d y e s   c h a n g e   c o l o r   w i t h   pH.  T h e s e   d y e s   h a v e  

f u n c t i o n a l   g r o u p s   w h i c h   a r e   c a p a b l e   of   r e a c t i n g   w i t h  

f u n c t i o n a l   g r o u p s   o f   m o n o m e r s   and   p o l y m e r s   and  can   b e  

i n c o r p o r a t e d   in  p o l y m e r   m o l e c u l e s   f o r m e d   i n  s i t u   or  i n  



p r e f o r m e d   p o l y m e r s  o r   t h e y   c a n   be  t r a p p e d   in   p o l y m e r s   a s  

in   E x a m p l e   11 .   T h e   f o l l o w i n g   e x a m p l e   w i l l   s e r v e   f o r  

p u r p o s e s   o f   i l l u s t r a t i o n .  

E x a m p l e   1 5  -   I n c o r p o r a t i o n   o f   C r e s o l   Red  in   a  P o l y m e r   C h a i n  

C r e s o l   Red   ( 0 . 0 3 8 g )   i s   d i s s o l v e d   in   30  ml  o f  

c h l o r o f o r m .   N - B r o m o s u c c i n i m i d e   ( 0 . 0 1 7   g)  i s   a d d e d   a l o n g  

w i t h   b e n z o y l   p e r o x i d e   ( 0 . 0 0 5   g ) .   The  s o l u t i o n   i s   r e f l u x e d  

f o r   o n e   h o u r   a n d   t h e n   a l l o w e d   t o   c o o l   t o   r o o m   t e m p e r a t u r e .  

T h e   s u c c i n i m i d e   i s   r e m o v e d   by  f i l t r a t i o n   a n d   t h e   b r o m o m e t h y l  

c r e s o l   r e d   i s   c r y s t a l l i z e d   f r o m   a c e t i c   a c i d .  

To  a  s o l u t i o n   o f   d i m e t h y l f o r m a m i d e   ( 2 5   m l )  

c o n t a i n i n g   t h e   b r o m o m e t h y l   c r e s o l   r e d   d e r i v a t i v e   ( 0 . 0 2 5   g )  

i s   a d d e d   a  10  f o l d   m o l a r   e x c e s s   o f   a l l y l a m i n e .   T h e  

r e a c t i o n   m i x t u r e   i s   h e a t e d   w i t h   s t i r r i n g   a t   5 0 . C   u n d e r  

a r g o n   i n   t h e   d a r k   f o r   6  h o u r s .   The  r e a c t i o n   m i x t u r e   i s  

t h e n   c o o l e d   t o   r o o m   t e m p e r a t u r e   and   t h e   s o l v e n t   r e m o v e d  

u n d e r   h i g h   v a c u u m .  

The   r e a c t i o n   p r o d u c t   of   t h e   b r o m o m e t h y l   c r e s o l  

r e d   a n d   a l l y l a m i n e   i s   d i s s o l v e d   in   DMF  (50   m l )   t o g e t h e r  

w i t h   1  g  o f   a c r y l a m i d e   a n d   10  mg  2 , 2 ' - a z o b i s i s o b u t y r o -  

n i t r i l e .   I n t o   t h i s   s o l u t i o n   i s   t h e n   p l a c e d   a m i n o a l k y l  

g l a s s ,   in   t h e   f o r m   o f   a  f i b e r   t i p ,   w h i c h   h a s   b e e n  

p r e v i o u s l y   t r e a t e d   w i t h   a  m i x t u r e   o f   a c r y l o y l   c h l o r i d e  

( 0 . 1 0   g ) ,   p y r i d i n e   (20   m l ) ,   and   N , - N ' - d i m e t h y l a m i n o  

p y r i d i n e   ( 0 . 0 1 0   g)  f o r   t w o   h o u r s .   The  r e s u l t i n g   a m i d a t e d  

f i b e r   i s   h e a t e d   w i t h   t h e   b r o m o m e t h y l   c r e s o l   r e d   d e r i v a t i v e  

a t   50°   f o r   20  h.  A  c o p o l y m e r   o f   t h e   b r o m o m e t h y l   c r e s o l  

r e d   a l l y l a m i n e   p r o d u c t   a n d   a c r y l a m i d e   i s   f o r m e d   a t   t h e  

e n d   o f   t h e   f i b e r .  



A  s i m p l i f i e d   r e a c t i o n   s c h e m e   i s   as   f o l l o w s :  

In   I I ,   t h e   r e m a i n d e r   o f   t h e   m o l e c u l e   i s   as   in   I .   I I I   i s   t h e  

g l a s s   f i b e r   t o   w h i c h   a  c o p o l y m e r   o f   a c r y l a m i d e   and  I I   i s  

c o v a l e n t l y   a t t a c h e d .  

I t   w i l l   be  a p p a r e n t   t h a t   a  new  and   u s e f u l  

m e t h o d   o f   m a k i n g   o p t i c a l   f i b e r s   h a v i n g   e n h a n c e d  

c a p a c i t y   f o r   f l u o r e s c e n c e ,   e t c .   and   new  and   u s e f u l  

o p t i c a l   f i b e r s   h a v i n g   s u c h   e n h a n c e d   p r o p e r t i e s   h a v e  

b e e n   p r o v i d e d .  



1.  An  a r t i c l e   c o m p r i s i n g   a  s o l i d   s u b s t r a t e  

to  a  s u r f a c e   of   w h i c h   a r e   a t t a c h e d   a  p l u r a l i t y   o f  

p o l y m e r   m o l e c u l e s ,   t h e   p o l y m e r   m o l e c u l e s   e m b o d y i n g   a  

m u l t i p l i c i t y   o f   c h e m i c a l l y ,   b i o c h e m i c a l l y ,   o r  

b i o l o g i c a l l y   a c t i v e   s p e c i e s .  

2.  An  a r t i c l e   as   c l a i m e d   in  c l a i m   1 

w h e r e i n   t h e   s o l i d   s u b s t r a t e   i s   an  o p t i c a l   f i b e r   a n d  

t h e   p o l y m e r   m o l e c u l e s   a r e   a t t a c h e d   to  one   e n d   o f   t h e  

f i b e r .  

3.  An  a r t i c l e   as  c l a i m e d   in   c l a i m   2  

w h e r e i n   t h e   o p t i c a l   f i b e r   i s   a  g l a s s   f i b e r   o r   a n  

o r g a n i c   f i b e r .  

4.  An  o p t i c a l   f i b e r   as  c l a i m e d   i n   c l a i m   2 

or   c l a i m   3  in   w h i c h   t h e   p o l y m e r   m o l e c u l e s   a r e  

a t t a c h e d   c o v a l e n t l y   t h e r e t o .  

5.  An  o p t i c a l   f i b e r   as  c l a i m e d   i n   c l a i m   4 

in   w h i c h   t h e   a f o r e s a i d   s p e c i e s   a r e   f l u o r e s c e n t   a n d  

a r e   a t t a c h e d   t o   t h e   p o l y m e r   by  c o v a l e n t   b o n d s .  

6.  An  o p t i c a l   f i b e r   as  c l a i m e d   i n   c l a i m   4 

in  w h i c h   t h e   a f o r e s a i d   s p e c i e s   a r e   p h y s i c a l l y  

e n t r a p p e d   by  t h e   p o l y m e r   m o l e c u l e s .  

7.  An  o p t i c a l   f i b e r   as  c l a i m e d   i n   c l a i m   2 

or  c l a i m   3  in   w h i c h   t h e   p o l y m e r   m o l e c u l e s   a r e  

a t t a c h e d   t o   t h e   f i b e r   by  a d s o r p t i o n .  

8.  A  m e t h o d   o f   p r e p a r i n g   an  o p t i c a l   f i b e r  

w h i c h   i s   u s e f u l   f o r   s e n s i n g   a  c h e m i c a l   o r  

p h y s i o l o g i c a l   p a r a m e t e r   o f   a  b o d y   f l u i d   or   t i s s u e  



w h i c h   c o m p r i s e s   ( a )   p r o v i d i n g   an  o p t i c a l   f i b e r   h a v i n g  

a  d i s t a l   e n d ,   and  (b)   t r e a t i n g   t h e   d i s t a l   end   of   t h e  

f i b e r   to   a t t a c h   to  i t   a  p o l y m e r   e m b o d y i n g   a  

m u l t i p l i c i t y   of   m o l e c u l a r   s p e c i e s   w h i c h   a r e   c a p a b l e  

of  s e n s i n g   t h e   d e s i r e d   p a r a m e t e r .  

9.  A  m e t h o d   as  c l a i m e d   in  c l a i m   9  w h e r e i n  

t h e   p o l y m e r   i s   a t t a c h e d   c o v a l e n t l y   as  a  p r e f o r m e d  

p o l y m e r   or   by  f o r m i n g   t h e   p o l y m e r   in  s i t u .  

10.  A  m e t h o d   as  c l a i m e d   in   c l a i m   8  w h e r e i n  

t h e   p o l y m e r   i s   a t t a c h e d   by  a d s o r p t i o n .  

11.  A  m e t h o d   as  c l a i m e d   in  any  one   o f  

c l a i m s   8  to   10  w h i c h   t h e   a f o r e s a i d   s p e c i e s   a r e  

a t t a c h e d   c o v a l e n t l y   to   t h e   p o l y m e r   or  to   t h e   m o n o m e r  

of  o l i g o m e r   f r o m   w h i c h   i t   i s   f o r m e d .  

12.  A  m e t h o d   as  c l a i m e d   in  any  one   o f  

c l a i m s   8  to   10  in  w h i c h   t h e   a f o r e s a i d   s p e c i e s   a r e  

e n t r a p p e d   p h y s i c a l l y   in  t h e   p o l y m e r .  
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